Introduction: In this review a selection of studies published during the period 2002-2010, based on data from the Danish National Birth Cohort linked with other health registers, is described. Illustrative examples of studies addressing perinatal health outcomes (pregnancy complications and fetal and infant health) of a variety of exposures during pregnancy, as well as examples showing different methodological approaches in design and analyses of the studies, are presented. Research topics:
Introduction
It has been known for a long time that early life conditions, including the intrauterine part of life, may have long-lasting influence on the health of an individual. Following the seminal work published by Forsdahl et al [1] , an interest in how the earliest phases of life affect adult health emerged [2] . In particular, the roles of growth patterns in the intrauterine period and the first years of life were in focus. The so-called ''programming hypothesis'' was, however, questioned [3] and an obvious answer to the scientific debate was to create studies designed to address that research question and with proper prospectively collected data. Also, advances within molecular genetics put studies of gene-environment interaction on the agenda in large-scale studies.
A new wave of birth cohort studies was born [4] and The Danish National Birth Cohort (DNBC) was the first to set the goal of having 100,000 first trimester pregnant women enrolled and aimed to follow them and their offspring throughout life.
DNBC is a conception-to-death-cohort, characterized by repetitive prospective data collections, a broad subject coverage, and active linkage to routinely collected health data in registers, of which the most important are the Danish National Patient Register and the Register of Causes of Death [5] .
Pregnant women were enrolled in the study between 1995 and 2002, preferably in the first trimester of pregnancy, but recruitment was allowed until week 24 of gestation. Written information about the cohort was provided to the women by general practitioners at the first antenatal visit, and the women enrolled in the cohort gave consent to participate in four telephone interviews, to have blood samples taken and stored in a biobank, and to have her and her offspring's data linked to routinely collected health data. Overall, the women gave consent that the data could be used for research purposes ''with the aim of improving health for future children and mothers'' and that they accepted to be contacted for further data collection rounds in the future.
The data collection scheme, as of 2010, is presented in Figure 1 .
A total of 100,418 pregnancies were enrolled in the study, and of these 92,670 resulted in the birth of a Figure 1 . Overview of data collection sweeps in the Danish National Birth Cohort. Elements of data collection, donors of information, EDTA ¼ Ethylene Diamine Tetraacetic Acid, average timing of each element and brief description of and number of participants in each data collection. LMP ¼ last menstrual period. single live-born child and 2,080 women gave birth to twins or triplets. Just over 5,000 pregnancies resulted in a fetal death, and over 60% (n ¼ 2,552) of the women who had a fetal loss before they had participated in a pregnancy interview subsequently gave a post-miscarriage interview. A total of 9,380 women participated in the study with more than one pregnancy, resulting in a substantial number of siblings in the study.
Data concerning pregnancy and birth from the Danish National Patient Register on all the participating pregnancies were linked to DNBC and an ongoing linkage with data from the Danish National Patient Register on all women and children in the study has been established. Also data on vital status on women and children, causes of death and changes of residency are included in the DNBC database, resulting in the database aimed at studies of early life exposures' influence on health.
Research topics
In this paper we will present selected results from the first decade of DNBC research, addressing how maternal health and lifestyle during pregnancy affects fetal health and perinatal outcomes. The number of research publications on maternal nutrition and offspring health is beyond the scope of this review, but the data is described in a special publication [6] and a number of papers have been published based on these data. Several other scientific questions, including health of the mother, have been addressed and readers who are interested can find a full list of published research results based on data from the DNBC at www.dnbc.dk.
The usual suspects: Alcohol, coffee, smoking and nicotine use during pregnancy Among the first papers from DNBC was an article on average alcohol consumption in the first trimester of pregnancy, type of beverage and the risk of preterm birth [7] . Compared with abstainers, women who drank 4-6 drinks per week had a slightly increased risk of preterm birth, and women who drank seven drinks per week had a higher risk. Below these levels of alcohol, no increased risk of preterm delivery was found.
Binge drinking is likely to have stronger teratogenic effects than moderate alcohol intake. In DNBC, we asked about number and timing of binge episodes. The risks of fetal and infant death, respectively, according to binge drinking during pregnancy showed that neither the frequency nor the timing of binge drinking episodes was related to the risk of miscarriage, but having three or more binge episodes was associated with a substantially increased risk of stillbirth and infant mortality [8, 9] .
Intake of coffee during pregnancy was suspected to cause miscarriage and possibly other reproductive failures, but since coffee aversion and nausea are side effects of a viable fetus the associations may be a result of reverse causation. In DNBC high levels of coffee intake were associated with an increased risk of fetal death [10] . This result was tested in a study using the principles of Mendelian Randomisation. In a nested case-control study, women were divided into genotypical slow/fast oxidizers, slow/fast metabolizers and low/high oxidizers, respectively. Except for the few people with all three slow/low genotypes, who had an almost two-fold risk of stillbirth compared with people with other combinations of genotypes, caffeine metabolism genes were not associated with stillbirth [11] . Likewise, a randomized controlled trial (RCT) of 1,200 pregnant women revealed no statistically significant difference between the groups of drinkers of coffee with and without caffeine in mean birth weight or mean gestational age [12] .
Maternal smoking during pregnancy has been reported to increase the risk of some congenital malformations, stillbirth, and of intrauterine growth restriction. Nevertheless, a substantial proportion of pregnant women smoke and it is of public health interest to know whether nicotine replacement treatment (NRT) used during pregnancy would carry specific risks for the developing fetus. A DNBC study demonstrated no increase in the prevalence of congenital malformations in children born to smokers compared with children born to non-smokers [13] . In contrast, smoking during pregnancy was associated with a 46% increased risk of stillbirth, while women who used NRT had no such increased risk [14] . Birth weight is heavily affected by maternal smoking, so for proper adjustment it was very important to make a thorough and gestational age specific exposure status assessment for both smoking and NRT in the study of NRT use during pregnancy and offspring birth weight. Adjusted analyses showed no association between the duration or the type of NRT-use and birth weight, although simultaneous use of more than one NRT product was associated with a statistically insignificant reduced birth weight [15] .
Obesity and physical exercise during pregnancy
Nohr and colleagues used data from the DNBC to investigate how gestational weight gain (GWG) and pre-pregnant BMI in combination affected maternal outcomes (pre-eclampsia, diabetes, birth complications and post-partum weight retention) and neonatal outcomes (birth dimensions, gestational age and Apgar score). It was concluded that among underweight women a low GWG should be avoided, but for normal and to a larger extent for overweight women a GWG less than 10 kg was, overall, associated with advantageous health for mother and child [16] .
Pregnant women in Denmark and elsewhere are recommended by health authorities to uptake a substantial level of physical activity during pregnancy. The participants in the DNBC reported leisure time physical exercise and these data were used to assess the risk of miscarriage according to such activity. Against the authors' expectations a strong and stepwise increasing relation was found between amount of exercise and risk of miscarriage [17] . In contrast, studies of physical activity and the risk of preterm birth and fetal growth restriction showed a reduced risk of preterm birth among the almost 40% of women who engaged in some kind of exercise during pregnancy in comparison with nonexercisers and no sizeable effects on fetal growth measures [18, 19] . In the light of these findings the Danish recommendations regarding physical activity in pregnancy were modified, so women with increased risk of miscarriage are now warned against hard physical activity in the first part of pregnancy.
Working conditions
Almost all women in Denmark are active in the labour market. Shift and night work and also occupational-related stress may be associated with health problems, such as cancer and cardiovascular disease, but also with fetal death. Using data from DNBC it was shown that working in fixed night shifts was associated with increased risk of fetal loss, but other shifts or job stress was not [20] . About a third of pregnant women are on sick leave during pregnancy, many with a diagnosis of pelvic pain. A nested casecontrol study was set up to investigate pelvic pain in pregnancy, and in this study it was found that pregnant women with fixed evening work and with rotating shifts had a high risk of pelvic pain in pregnancy compared with women who work during the day. Physical and psychological strenuous work was associated with an almost 50% increased risk of pelvic pain in pregnancy [21] .
Some jobs imply a specific exposure risk. Gardeners and farmers are exposed to pesticides at a much higher level than the level that creates worry among consumers. The DNBC examined whether work-related exposure to pesticides during pregnancy had an adverse effect on pregnancy outcomes. Neither work activities nor exposure to pesticides showed a significant increased risk of adverse birth outcomes among gardeners or farmers [22] .
Infections and medication during pregnancy
Based on animal studies and a couple of human casecontrol studies it was considered that fever, per se, would increase the risk of miscarriage. Data from the DNBC showed, however, no association between fever in pregnancy and fetal death before or after adjustment for known risk factors of fetal death. The finding was consistent irrespective of measured maximum temperature, duration and number of fever incidents, or the gestational time of the fever incident [23] . Our data also showed that acetaminophen/ paracetamol was widely used among women in the DNBC, as approximately 50% of the women reported having taken such drugs on at least one occasion during pregnancy. The relation between use of acetaminophen (paracetamol) and congenital anomalies was assessed in a study. No association was found between duration of use during the first trimester and risk of congenital abnormalities, except for a few rare conditions, most likely due to chance [24] . But paracetamol use during pregnancy was associated with a small but statistically significant increased risk of self-reported physician-diagnosed asthma or bronchitis among children at 18 months, hospitalizations due to asthma up to 18 months as registered in the Danish National Patient Register, and self-reported physician-diagnosed asthma at 7 years. Such increased risks were not found for aspirin or ibuprofen [25] .
Environmental toxins
There has been much concern about reproductive hazards associated with the exposure to hormones and endocrine disruptors. When pregnant women accidentally take oral contraceptives in the early phase of pregnancy the fetuses are exposed to very high levels. A surprisingly large proportion (n ¼ 1,102, 1.2%) of the women in DNBC, took oral contraceptives during pregnancy, but such use did not increase the risk of fetal death [26] . Perfluorooctanoate (PFOA) and perfluorooctanesulfonate (PFOS), used in many consumer products, are persistent organic pollutants with long half-lives. Using blood samples stored in the DNBC's biobank it was possible to measure levels of PFOS and PFOA in 1,400 maternal blood samples taken early in pregnancy. The analyses showed that maternal PFOA levels in early pregnancy were associated with smaller abdominal circumference and birth length, and higher levels of PFOA were associated with lower placental weight and head circumference. Maternal PFOS levels were not significantly associated with any of the fetal growth indicators. No convincing associations with levels of PFOA or PFOS was found for developmental milestones [27, 28] .
Studies where DNBC provided important add-on data to population-covering register research
Cohort data can contribute to enlighten mechanisms suggested in larger register-based studies, but where, for example, lifestyle information is lacking. In a study based exclusively on administrative registers a substantial educational inequality in preterm birth was found and it was suggested that lifestyle factors accounted for this [29] . A similar gradient was found in DNBC, but adjustment for individual level risk factors (smoking, alcohol consumption, binge drinking, pre-pregnancy body mass index, gestational weight gain) reduced the relative educational gradient in preterm birth only marginally [30] . In contrast to this, a study that aimed to quantify the mediation role of smoking and pre-pregnant BMI on birth weight concluded that these factors are important intermediates of the educational gradient in birth weight [31] . In a study from DNBC, it was suggested that advanced paternal age increases the risk of fetal death. It was also demonstrated that the paternal agerelated estimates were largely unaffected by confounding from a variety of lifestyle factors and it was suggested that results from administrative registers on this research question can be regarded as largely un-confounded [32] .
Conclusion
Life-course philosophy states that the time from conception until you die is of potential importance for your health but certain (sensitive) time periods may be more important than others. Pregnancy cohort studies with long-term follow-up are crucial for studies of disease aetiology that take the lifecourse approach, but making sure that DNBC continues with an ongoing longitudinal data collection is a major challenge. It is well recognized that medical science needs laboratories and technicians, but still not equally recognized that epidemiology needs investments in collection and maintenance of longitudinal data.
As well as its size and early recruitment, a big advantage of DNBC as compared to other birth cohorts, is that almost complete follow-up is made possible by linkage to population-based registers. An increasing number of high quality clinical databases will in the future provide even better endpoint data and existing registers on social conditions and work exposures may, together with Geographical Information System technology, add data on important environmental exposures.
We believe that establishing this cohort was a good investment. As promised, when the DNBC was planned, the antenatal care providers are now better equipped to offer evidence-based prevention. Data from DNBC was, for example, of crucial importance for the Institute of Medicine (IOM)'s new recommendations for weight gain during pregnancy as a function of pre-pregnancy BMI.
By the end of 2010 a total of 205 published papers are registered in the DNBC database and the number is rapidly growing. This and other large scale cohorts provide unique research opportunities together with our national registers. DNBC contribute to a number of international collaborative studies, e.g. Genome Wide Association Studies on obesity and preterm birth, child cancer research through the International Child Cancer Collaboration Consortium (I4C), environmental health research through the European Union projects ENRIECO and ESCAPE, and the CHICOS project, focusing on how child cohort studies can be used to improve child health research in Europe.
